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ABSTRACT

The Greenshields Quality Index and the Acceleration
Noise Parameter were determined for three sections of high-
way in New Jersey for similar volume groupings. The two
methods were analyzed for possible use in a Sufficiency

Rating procedure.

Neither method was determined to be satisfactory for
use in the Sufficiency Ratina procedure. The Quality Index
does not readily lend itself to standard statistical analysis
and both measures require too large a sample size to be

practical for use in a Sufficiency Ratinag procedure.
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An Evaluation of Greenshields Quality Index
and the Acceleration Noise Parameter for

Use in Sufficiency Rating Procedures

For many years, engineers have been seeking measures
to describe the various interrelated effects of road, driver
and traffic conditions. No one measure has been derived that
completely explains all of these aspects; however, two measures
of fairly recent vintage have been shown to be capable of giving
at least partfal explanations.

The traffic parameter "Acceleration Noise" which was first
discussed by Herman, et a11 and the "Quality of Traffic Flow"2
as derived by Greenshields, appear to be tocols which may allow

the engineer to evaluate or compare roadway sections, takfng

into account some of these interrelated effects.
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Purpose

The New Jersey Department of Transportation is in the
process of developing a "Sufficiency Rating" procedure for the
New Jersey State Highway System. As part of this study it was
decided to utflize the above two measures on three different
sections of highway to compare the ratings rendered by the
individual measures. The two measures cannot be compared
statistically since one measure takes the form of a unitless
index number and the other is the root-mean square of the accel-
eration of a car. (These two methods will be discussed in a
following portfon of the report.)

To compare the two measures, each route was rated by
each measure for the same hourly volume qroupings. This allowed
for a determination as to whether each rating gives the same or
different relative ratings to the individual roadways under
similar volume conditions,

Also, a statistical analysis of the acceleration noise
parameter was made to determine if there is any sfgnificant
difference between the rating of each roadway under equal volume
groups. For instance, the acceleration noise ratine for one
roadway under each volume group will be compared statistically
with each acceleration noise rating for the other roadways under

the same volume grouping to determine {f there is a significant
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difference in the ratings. The average acceleration noise
parameters will also be statistically analyzed to determine if
there is a difference between these values for different volume

groups on the same route.

Study Sites

Three sections of roadway in New Jersey were selected
for study. These sections are as follows:

1. Interstate 295
A 6.8 mile section between Routes 73 and 30 in
Camden County was studied. This section is built
to interstate standards with 2 - 12' lanes/direction,
10' shoulders and divided by a 40' wide grass median.
There are 4 interchanges within the section. This
section has full controlled access. The 1967 AADTY
was 33,000 vehicles, with a 50 percent directional
distribution and 12 percent trucks.

2. U.S.
An 11.9 mile section between Route 546 in Mercer
County, and New Road in Middlesex County was studied,.
There are 2 - 12' lanes/direction with 10' shoulders.
There are 15 jughandle signalized intersections.
The signals are interconnected and progressively timed
for a speed of 54 mph., The speed 1imit is 55 mph.

There 1s a 24" high New Jersey concrete median divider
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separating the opposing diyections of travel. In
addition, there are 5 non-signalized intersections.
In the northbound direction there are 4.7 private
driveways/mile and 3 commercial driveways/mile. In
the southbound direction there are 2.7 private
driveways/mile and 4.7 commercial driveways/mile.
This is considered to be a partially controlled
access roadway since turning movements are restricted
to intersections due to the median barrier and are
handled by means of the jughandles, thus minimizing
conflicting movements. The 1967 AADT was approximately
22,000 vehicles, with a 50 percent directional dis-
tribution and 18 percent trucks.

3. U.s. 130
A 5.0 mile section between Route 73 and the Camden
Airport Circle in Camden County was studied. There
are 3 - 11.5' lanes/direction with no shoulders.
There are 4 jughandle signalized intersections and
7 four-leg signalized intersections. There is a 24"
high New Jersey concrete median barrier separating
opposing directions of travel. 1In the southbound
direction there are 15 commercial driveways/mile and
17.9 commercial driveways/mile in the northbound

direction. Although turning movements are restricted
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to jughandle intersections, there is a great deal
~of marginal friction due to the commercial land use.
This section is considered to have a minimum degree
of access control. The AADT is approximately 35,000
vehicles, with 50 percent directional distribution.
The speed 1imit is 50 mph and traffic is composed

of 17 percent trucks.

Acceleration Noise

The acceleration noise, a traffic parameter, is basically
defined as the root-mean-square of the acceleration of a car
and measures the turbulence of the vehicle in the traffic stream.
This parameter was first discussed by Herman' and further devel-
oped by Montrol]:3 For the sake of brevity, the development
of this parameter will not be discussed here,.but a very complete
summary may be found in a report entitled, "Developing Traffic
Indices for the Detection of High Accident Potential Highways
in North Carolina™ by C. L. Heimbach, et a1.4

For this study, the acceleration nofse is defined as follows:

If v(t) and a(t) are the speed and acceleration of a car
at time t, then the average acceleration of the car for a jour-

ney taking time T is

: "i q_;,= + fa(t) d1= +[V(T') -—.\;((;)}
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The acceleration noise ¢ is defined to be the root-mean square

of the acceleration, so that

g _ 17 2 2
g 'Tfoo(t) dt —(aqey)
If the car's final speed is the same as its initial speed, then

2 T 2
%av = 0 and o =.'r-f°o(t)dt

In most other cases, the extra term (aav)z is comparatively

small and can be neglected.
This can be approximated to

(AV)?
CT'\J-—i:——--:EjE%'

where At 1is time taken for a change, AV 1is speed, AV being

taken constant throughout the measurement. AV for this study

was taken as 5 mph. T {s the running time which is equal to

overall time minus stopped time.

Quality of Traffic Flow

Again, for the sake of brevity, the development of the
"quality index" will not be discussed here, but a complete
discussion may be found in "Quality of Traffic Transmission"
by Greenshields® or "Quality and Theory of Traffic Flow" by

Greenshields, et al.z

The “quality index" is defined by the following equation:
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where

Q@ = quality index

S = average speed (mph)

A, = absolute sum of speed changes/mile

f = number of speed changes/mile

K = constant (1000) to avoid small numbers.
In order for a speed change to be considered, its magnitude had

to be 5 mph.

Data Collection

The data collection was accomplished by using the average
car method. The car was equipped with a traffic data compiler
(a graphic recorder) manufactured by the Marbelite Company. A
two-man team composed of driver and observer were used for each
run. Five different  drivers were utilized to minimize the
effect of an individual driver., The data compiler gave a con-
tinuous graphical recording of speed, speed changes and frequency
of speed changes over time as well as total, running and stopped
time. Continuous volume counts were taken on each section while
the runs were being made.

_Fifty rﬁﬁs were m?ée on ﬁoute 1 and Route 130 for each
diréctﬁon of travel. Thirty runs for each direction were made
on 1-295. The analysis of the data combines the directions of

travel on each route,
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Data Analysis

The directional hourly volumes on each route were grouped
into 400 vph groups beoginning at 600 vph and extending to 3800 vph.
The volume groups are 600 - 999, 1000 - 1399, etc.

The first comparison fs to rank each measure (O or Q)
for each route by similar volume groups. For instance, the O
value and the Q‘value will rank each route for the.same volume
group. This will allow for a relative comparison of each route
under same volume conditions.

The second comparison is to compare statistically the
acceleration noise parameter for the same volume qrouping, but
on different routes. For instance, the average O value for
the 1000 - 1399 volume group on 1-295 is compared with the O
parameter for the same volume group on Routes 130 and 1. The
method of comparison is to test for a statistically significant
difference in averages by use of the Student t Test. This test
is discussed in a following section.

The third method of comparison is to compare by the use
of the Student t test the difference in average ¢ values on
the individual routes for differing volume groups. For instance,
on Route 1-295, the O value for each volume group will be
compared statistically with every other volume group on that

route to determine if there is a significant difference in the

values.
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Statistical Test

The Student t test was used to determine if the average
values of O on one route are equal to their corresponding
values on the other routes under similar volume groupings.

The Student t test s a standard statistical test used
to test the hypothesis that the means of two normal distribu-
tions are equal. A discussion of the test may be found in
"Engineering Statistics" by Bowker, et a1.6 The equafion
utilized in the test is: o . Xy = Xg

where Sf * Sg
LET. )

i} and fé = the mean values of @ for each route.
% and By = the number of test runs to determine Xy and X»

Sy and S = the standard duration of Xy and X,

Since the data are obtained from different populations and the
standard deviations are not necessarily equal, the associated
degrees of freedom were determined from the following formula:
PN - ‘ 2 2
i o (S§/my 4+ 55/np)
| I I T :
2 2, - 2 4
(s3/my) Lr (s2/n,)°
iy +7) (ny #°1)

-2

where
v e assqcfatgd degrees of freedom and the other terms are

? the same as in the previous equation.
The .05 level of significance was used in all tests.



J. Kraft . . 10
D. W. Gwynn

Results

Table 1 which shows the relative ratings by volume groups
for O and Q values indicates that the two ratfng methods agree
for all similar volume groups. .In all cases, the O value is
lower (better) for Route 1-295 than either Route 1 or Route 130.
When all three routes have equal volumes, Route 1 is always
second, and Route 130 {is third.

From the same Table, it can be seen that the Same is
true for the Q value. 1In all cases, for equal volumes, the Q
value is higher (better) for Route 1-295 than either Route 1
or Route 130. Route 1 is second and Route 130 third when all
three routes have equal volumes.

Having driven the three routes and knowing the character-
istics of geometrics, marginal friction, etc., this is certainly
a logical relative rating.

Table 2 shows the ratings for individual routes for
each volume group for each rating method. Route 1 shows the
only consistent pattern of ratings. Here, both the O and Q
values give a worse rating with f{ncrease in volume groups.

There appears to be no definite pattern for efither the individual
ratings for the same route or for comparison of different (o

or Q) ratings for the same route as far as Routes 1-295 and 130

are concerned.
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Up to this point in the study, only relative ratings
have been considered. Although the ratings may appear to give
logical results, i1t will become apparent that significant
problems exist.

Table 3 shows a breakdown of average Q values and their
sample size for each route in each volume group.

First, an analysis of the distributions of the Q values
on all three routes indicates that the distributions are not
normal, and the "t" test to analyze significant differences in
mean values is not applicable. The Q distributions are skewed
to the right in all cases. This is due to the nature of the
equation for Q values and the distribution, if adequate samples
are taken, will always be skewed to the right.

It also appears that the average Q ratings may be mis-
leading from a relative standpoint. For instance, on a route
such as 1-295, where change§ in speed are very infrequent and
where the magnitude of change is usually small, one change in
frequency and a small change in magnitude give a large relative
éifference in the Q value. As an example, if we assume that
the S value is 60 mph and that for a one-mile section the fre-
duency of changes (f) is 1, the magnitude ( As) is 5 mph, then
the Q value is

q - 1000 x 60 _ 60000

5 xWJT ) 5
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whereas, 1f the S value remains at 60 mph and the frequency

changes to 2 and the magnitude to 10 mph, then the Q value becomes

1000 x 60 _ 60000

10 x V2 14

this value is less than half of the previous value, yet only

4290

one additional speed change of 5 mph was made.

Now, 1f we look at the Q value on a section of road where
many changes of speed are made, we find a different case.

If many speed changes are made, then S will probably
decrease since it is determined from distance divided by
travel time.

Therefore, if we assume S is 30 mph and f is 25 and As

is 180 mph, Q becomes

q - 1000 x 30 _ 30000 _
180 xy25 900

and if we double the f to 50 and double the As to 360 mph and
let S be 25 mph, Q becomes

Q - 1000 x25 _
7360 x\50

It first appears that thgre would certainly be an appre-
éiablé difference between thelZ,OODand 4.2§0 values and perhaps
not between the 33 and 9 values.

Yet, from a realistic standpoint, it is possible that a

driver would not notice the additional 5 mph change on the
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60 mph roadway, whereas he may be quite concerned with the
doubling of frequency and magnitude of changes on the 25-30 mph
road.

It appears that the Greenshields QualityIndex is not
satisfactory for routes of the nature studied since relative
rating may be hisleading and since it does not lend itself to
standard statistical tests to determine significant differences
in mean values.

Table 4 shows a breakdown of average O values, their
standara deviation and sample size for each route in each volume
group.

The distributions of the O valdes appeared normal and
therefore lends ftself to standard statistical testing.

The acceleration noise method does appear to be capable
of realistically rating the separate routes for equal volume
groups and also for rating different volume groups on the same
route.

From a driver's standpoint, there appears to be little
noticeable difference {n traveling Route 1-295 in any of the
volume groups. The test for difference in O values indicates
that statistically there is no difference. Also, there would
appear to be a difference from the driver's standpoint in travel-
1ing Route I1-295 and Routes 1 or 130. Statistically, there {s

a significant difference.
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Of the two methods, it would appear that the acceleration
noise method would give results that are more satisfactory for
rating methads since they are subject to standard statistical
tests.

However, when the purpose of the rating is considered,
that being its use as a portion of a Sufficiency Rating procedure,
it becomes apparent that it is not practical. A relatively large
number of runs would be necessary on each section rated when

the entire state highway system is considered.

Conclusions

Both methods, the acceleration noise and Greenshields
Quality Index, appear to measure parameters that are represen-
tative of the "comfort or convenience" of a route. However,
the Q@ value appears to be misleading when the differences in
average Q values are analyzed on different routes. A large
difference in Q values on one route between different volume
groups may be meaningless from the practical standpoint, whereas
a relatively small difference in Q values on another route
between different volume groups may be meaningful. It also does
not lend itself to standard statistical tests.

The O value does lend itself to standard statistical
tests and appears to be a satisfactory rating method. However,

the sample sizes necessary to evaluate the entire system of
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roadways analyzed in a sufficiency rating study become too
large to be practical. |

Many other problems enter into the use of these measures
as a rating procedure within a sufficiency rating. However,
they are beyond the scope 0of this study and will not be

discussed here.
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APPENDTIX
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TABLE 1
Relative Ranking of Gand Q Values for
Each Route with Equal Volume Groups
Directional Rt. I-295 Rt. 1 Rt
Hourly ’

Volume Group o Q o _Q o

600~ 999 ] 1 2 2 -
1000-1399 1 1 2 2 3
1400-1799 ] 1 2 2 3
1800-2199 ] 1 , - - 2
2200-2599 1 1 - - 2
2600-2999 i | B - - -
3000-3399 1 1 - - -

3400-3799 1 1 - - -

Rt. 130
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TABLE 2

Relative Ranking of Cand Q Values for

Each Individual Route Regardless of

Volume Groups
Directional Rt. 1-295 Rt. 1 Rt. 130

Hourly
Volume 6roup o Q9 g Q9 g
600- 999 7 5

1000-1399 1 1 1 1 - -
1400-1799 2 2 2 2 2 2
1800-2199 3 4 3 3 4 3
2200-2599 3 - - 1 1
2600-2999 6 8 ) - - 3 4
3000-3399 5 6 - - - -
3400-3799 5 7 - - - -
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TABLE 3
Directional 3 VYalues
Hourly

Yolume Group Route 1 Route 130 Route 295
Avg. f Avg. # Avg. 1

qQ Runs q Runs Q Runs

600- 999 1637 77 | - - 10155 7
1000-1399 895 10 417 32 27895 9
1400-1799 707 14 298 40 16576 18
1800-2199 - - 443 15 11908 9
2200-2599 - - 288 16 16294 8
2600-2999 - - - - 8867 4
3000-3399 - - - - 9731 3
3400-3799 - - - - 9573 6
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TABLE 4
O Values
Directional I —
Hourly
Yolume Group Route 1 Route 130 Route 295
Avg. Std. ¥ Avg. Std. # Avg. Std. +#
O Dev. Runs O Dev. Runs O Dev., Runs
600- 999 1.28 .465 77 5 - - .41 .209 7
1000-1399 1.54 .292 10 1.60 .435 32 .23  .160 9
1400-1799 1.58 .338 14 1.86 .469 40 .24 ,124 19
1800-2199 - - - 1.50 .377 15 .31 201 12
2200-2599 - - - 1.81 .286 16 .34 .168 8
2600-2999 - - - - - - .38 .109 4
3000-33399 - - - - - - .37 .093 3
3400-3799 - - - - - - .37 .181 6
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